, rubber agroforests, rubber monoculture plantations and emplacement areas. The birds were observed using descriptive survey methods by implementing a quick biodiversity survey, data were collected along one km transect. The results showed that in total, 142 species of birds from 42 families were observed in the four habitats. Natural forests had the highest diversity of bird species, followed by rubber agroforests, emplacement areas and rubber plantations, with a Shannon-Wiener index of 3.8, 3.6, 3.0 and 2.9, respectively. Regarding the IUCN red list species, 12 bird species of nearthreatened status and 2 species of vulnerable status were recorded. Based on CITES categories, one species was listed in the Appendix I, 12 species were classified in Appendix II and 26 bird species were protected under Indonesian regulations. Changes in the structure and composition of the vegetation in disturbed forests and cleared land determined the richness of the bird species. The different tree compositions in the four habitats of the rubber estate plantations and surrounding areas influenced the number of bird species, bird diversity and species composition. 8, 3,6, 3,0 
I. INTRODUCTION
Sumatra has the lowest number of endemic bird species in Indonesia. This is related to its geological history of separation from the plains of Asia. Sumatra has about 306 bird species that are also found in Borneo, 345 species that can be found in the Malayan Peninsula and 211 species that also live in Java (MacKinnon & Phillips, 1993) . A total of 583 recorded species inhabit the island of Sumatra and 438 species are breeding in Sumatra (Andrew, 1992) . These numbers increase to 602 and 450 species, respectively when we include the small islands along the coast of Sumatra. There are 12 endemic bird species in the lowlands of Sumatra (Marle & Marle, 1988) .
North Sumatra is covered by natural forests including Batang Gadis, Bohorok, Batang Toru and other forested areas, although most of these forests are fragmented and under considerable pressure from land-use changes (MacKinnon, Phillips, & van Balen, 1998; Sirait, 2007) . Human activities change natural environments, such as turning forest into agricultural land, plantations and infrastructure for industrial activities. Forest areas of Sumatra remained at about 30% (13 million ha) of the total area of Sumatra in 2007 (Laumonier et al., 2010) . Forest losses cause loss of bird habitat and decrease the number of bird species (Danielsen & Heegard, 1995; O'Brien & Kinnaird, 1996; Lane et al., 2011) . Besides hunting and trade, deforestation and habitat destruction are the most dominant drivers in reducing the number of bird species and their possible extinction.
Agroforestry may reconcile ecological and economic objectives, balancing the need to generate income along with protecting the environment (Nair & Garrity, 2012) . In 2005, agroforests covered about 16.3 million ha, or 8% of the total area of Indonesia (ICRAF, 2011) . Rubber agroforests (RAFs) are part of Sumatra's man-made ecosystem and have been used by farmers for many decades. Farmers with limited resources plant rubber trees within the agroforestry system and manage the farm extensively. Rubber agroforests include a mixture of trees, lianas, shrubs and herbaceous plants. Monoculture rubber plantations are managed by companies and farmers with greater resources. The basal area of rubber monocultures is lower than that in the natural forest, because there are no large trees in the plantations (van Noordwijk, Tata, Xu, Dewi, & Minang, 2012; Tata, van Noordwijk, & Werger, 2008) .
In conservation, it is important to analyse the response of birds to habitat fragmentation and the diversity found in a fragmented habitat, such as rubber monocultures. Bird conservation activities tend to be focused on protected natural forests (NF) and emphasise threatened species faced with extinction, but most of the remaining forest in Sumatra is secondary (Ekadinata & Vincent, 2011) . Currently little attention is given to common species or species that inhabit secondary forests and agroecosystems, such as rubber agroforests (RAF) and rubber monocultures (RMP). This paper studies at Simalungun and Asahan Districts, North Sumatra, Indonesia bird richness and diversity, the composition of bird communities and their roles in secondary and primary forests, RAF systems, rubber monoculture (RMP) and emplacement areas (EA) of RMP.
II. MATERIAL AND METHOD

A. Study Area
The study was conducted from December 2010 to January 2011 in four habitat types: NF, RMP, RAF, and EA, in the Districts of Simalungun and Asahan in North Sumatra Province, Indonesia (02 ○ 43'4"N and 98 o 56'25"E) (Figure 1 ). The EA was located inside the rubber plantations. The RMPs have been intensively managed for many years with regular fertilisation, weeding and tapping, which affected the condition of the vegetation. The rubber stands in the RMP were grouped based on ages: 2-6 years, 12-15 years, and 22-25 years after planting. Two RAF plots were located in the surroundings of the RMPs. RAF plots were managed with less fertilisation and weeding. Other trees were allowed to grow on these farms, creating mixed vegetation of simple agroforestry system. Forest plots were located in two sites: Aek Nauli (Bartong) forest research area in Dolok Merangir, Simalungun District and Aek Tarum forest in Asahan District. The elevation of the forest plots ranged from 1200 m to 1300 m above sea level (asl). The size of the Aek Tarum study area was 79,944.5 ha, and the Dolok Merangir study area was 139,353.93 ha. Each study site included RAFs, RMPs and EAs.
B. Data Collection
The birds were observed by descriptive survey methods using a quick biodiversity survey (QBSur) for birds (Tata et al., 2013) , where data were collected along a 1 km transect, in total 12 transects; and from the list of 20 MacKinnon's bird species (MacKinnon & Phillips, 1993) simultaneously in four habitat types (e.g. NF, RMP, RAF, EA). The survey was completed within two weeks. The MacKinnon's list is an established method used to record and verify species and to calculate bird densities. Data was tabulated and birds were identified using this nomenclature (Sukmantoro et al., 2007) .
Composition of guilds, which are defined as a group of species using the same resource in the same way, was adapted from Wiens (1989) , the threat of fragmentation of bird species refers to Lambert and Collar (Lambert & Collar, 2002) , while IUCN status refers to the IUCN Red List (IUCN, 2012).
C. Data Analysis
Comparison of abundance was calculated from the percentage ratio of the individual numbers of a species compared to the total individual number that was caught. Diversity was calculated using the Shannon-Wiener index (Magurran, 1988) .
The Shannon-Wiener index was used to determine the diversity of mammal species on each transect (Krebs, 1999) and is described by the following equation:
where, H' = Shannon-Wiener diversity index pi = Probability of species (relative density) n = Number of species Evenness index (E') was used to estimate the evenness of the species distribution of the birds (Krebs, 1999) and is described by the following equation:
where, H'= Shannon-Wiener diversity index S = Number of species Each bird species found in the study area was recorded in a list containing the names of the first 20 species encountered, after which a new list of the recording began. This list was used to generate a curve of bird species' richness among different sites. Observations were made twice a day, in the morning from 06:00 to 11:00 and in the afternoon from 15:00 to 17:30 (except on rainy days). Tools used in this activity were binoculars (Bushnell 10 x 25), GPS Garmin Oregon 300, a digital voice recorder (Olympus WS-560M) and a Nikon D80 (70-300 mm Tele Lens). Two field identification guides were used (King, Woodcock, & Dickinson, 1975; MacKinnnon & Phillips, 1993) .
III. RESULT AND DISCUSSION
A. Bird Richness and Diversity
In total, 142 species of birds from 42 families were recorded across all the areas (Appendix 1). From the total bird species recorded, 122 species were found in the NF, 30 in the RMP, 39 in the EA and 46 in the RAF. A total of 728 individual birds were observed across different habitats. Encountered species richness, abundance, diversity and density are summarized in Table 1 and Figure 2 . NF was the most diverse in bird species, indicated by a Shannon-Wiener index of 3.8, followed by RAF (3.6), EA (3.0) and RMP (2.9). All bird species were distributed evenly in every types of habitat, as shown by the evenness index value of almost 1 (ranged 0.87-0.94).
In general, the richness of bird species in North Sumatra was high. Of the 1,589 bird species found in Indonesia, 583 were found in Sumatra (Andrew, 1992) . Rubber plantations and surrounding areas in the two Districts of North Sumatra have 124 of the total bird species of Sumatra or 8.9% of the whole of Indonesia.
The species' richness in Simalungun and Asahan area (142 species) was close to the richness of bird species encountered in Batang Toru (Jihad, 2009) . RAF in Bungo, Jambi Province had even higher species richness (167 bird species) (Joshi et al., 2002) . For comparison, in the forest habitat of Bukit Barisan Selatan National Park (Jambi-Sumatra), 276 bird species were found (O'Brien & Kinnaird, 1996) .
The highest bird species' richness occurs in NF habitat (122 species), followed by RAF (46 species), EA (39 species) and RMP (30 species). Bird species were more diverse at the two NF sites than those in RAFs and RMPs. Although Aek Nauli was categorised as disturbed forest, bird composition was similar to that of the natural forest of Aek Tarum. Bird species richness in the three habitats decreased sharply from 122 species in the forest to 46 species in RAF to only 18 species in RMP (see Table 1 ).
The number of species in the RMP was the lowest, except along river banks, which have more diverse vegetation. RAF had greater richness of species compared with EA and RMP. Many food trees and trees suitable for nesting were still available in the RAF, such as durian (Durio zybethinus), candle nuts (Aleurites mollucana) and other fruit trees. RAF provides a compatible bird habitat, with mixed vegetation composed of fruit trees, such as durian (Durio zibethinus), duku (Lansium domesticum), jengkol (Pithecellobium lobatum), mangosteen (Garcinia mangostana) and cacao (Theobroma cacao). The mixed vegetations attract birds searching for food and nesting materials. In addition, RAFs provide a comfortable habitat, especially for the Helmeted Hornbill (Rhinoplax vigil). The bird species in the EA were fewer than those in RAF, although there were some food trees for birds, such as Ficus and other fruit trees.
Bird diversity at a given site may also reflect a high biodiversity of other wildlife in the ecosystem (McNeely, 1988; Yoza, 2000) . Bird species diversity in North Sumatra varied between 3.8 in forests to 2.9 in RMP areas. The diversity of bird species depends on environmental conditions. Species diversity decreased in the land use gradient from NF to RMP, which relates to a decrease in environmental factors, such as structure and composition of the vegetation. Among the four habitats, the basal area of vegetation in RMP was the lowest owing to fewer large trees growing in monocultures. Bird diversity in RMP was categorised as 'middle value', based on Remarks : H'= Shannon-Wiener index, E'=Evenness index NF=natural forests at a protected forest area in Aek Tarum and a research forest area in Aek Nauli Rubber Agroforest (RAF)= mixed rubber trees with other valuable trees to form simple agroforestry system Rubber Monoculture Plantation (RMP)=Young rubber plantation (2-6 years), medium rubber plantation (12-15 years) and older rubber plantation (22-25 years) Emplacement Area (EA)=Settlement area of a rubber plantation with mixed fruit trees the Shannon-Wienner index. Environmental factors, such as canopy height, diversity of tree species, and crop coverage, determine the diversity of bird species (Welty, 1982) . The decline in bird diversity is related to the decline of carrying capacity.
B. Bird Composition
The birds in the ecosystem were classified according to their roles. There were 17 guilds represented: arboreal frugivore (AF), arboreal foliage gleaning insectivore (AFGI), arboreal foliage gleaning insectivore-frugivore (AFGIF), arboreal frugivore-predator (AFP), aerial insectivore (AL), bark gleaning insectivore (BGI), miscellaneous insectivore-piscivore (MIP), nectarivore (N), nocturnal predator (NP), nectarivore-insectivore-frugivore (NIF), piscivore (P), raptor (R), sallying insectivore (SI), sallying substrate gleaning insectivore (SSGI), terrestrial frugivore (TF), terrestrial insectivore (TI) and terrestrial insectivore-frugivore (TIF) (Figure 3) . The guilds were further categorised, based on feeding habits, into eight groups, namely frugivore, insectivore, nectarivore, nocturnal predator, insectivore-frugivore, piscivore, raptor and omnivore (Figure 4) . Bird species composition in the rubber plantation was different from the three other habitats; two feeding groups of birds, i.e. omnivores and nectarivores, were not found. Aratrakorn et al. (2006) also found different bird composition and guild types in forest compared with oil palm and rubber plantation. Nectarivores birds are not found in oil palm and rubber plantations in southern Thailand.
The differences in the guild composition of the open-canopy areas (RMP) and closedcanopy areas (forest) indicated that the RAF Figure 3 . Bird composition guilds according to their roles in four habitats in Simalungun and Asahan Districts, North Sumatra. AF = arboreal frugivore; AFGI = arboreal foliage gleaning insectivore; AFGIF = arboreal foliage gleaning insectivore-frugivore; AFP = arboreal frugivore-predator; AI = aerial insectivore; BGI = bark gleaning insectivore; MIP = miscellaneous insectivore-piscivore; N = nectarivore; NP = nocturnal predator; NIF = nectarivore-insectivore-frugivore; P = pinsivore; R = raptor; SI = sallying insectivore; SSGI = sallying substrate gleaning insectivore; TF = terrestrial frugivore; TI = terrestrial insectivore; and TIF = terrestrial insectivore-frugivore areas were transition areas between forest and RMP, making rubber agroforest the second choice after forests as habitat for bird nesting, foraging, and breeding ( Figure 4 ). Species that were absent from bird communities in different habitats (forests, RAF, RMP and EA) allowed comparison of habitat function. In general, species composition was dominated by insect-eaters (insectivores) and seed or fruit-eaters (frugivores). Each type of forest, e.g. primary forest at Aek Tarum and secondary forest at Aek Nauli education-forest, contained similar bird species. While RAFs and RMPs held different species compared to both the primary and secondary forests. Groups of insectivores, which were not found in RMPs, play the role as pollinators, as they feed on nectar and transfer pollen at the same time. However, rubber is not pollinated by birds, but usually through controlled pollination by insects (Warmke, 1952) . Rubber monocultures do not provide a suitable environment for specific bird species with particular roles.
The difference in guild composition between open-canopy areas (such as rubber plantations) and closed-canopy areas (such as natural forest) indicate that RAF and smallholder rubber plantations provide a transition area between forests and RMP. Insectivores, frugivores, and nectarivores were commonly found in secondary forests and the more open forest fringes, whereas arboreal frugivores, terrestrial frugivores and bark gleaning insectivores prefer to live in the middle of the forest.
Bird species in North Sumatra as shown in Figure 4 are dominated by the Nectariniidae and Pycnonotidae families. These birds prefer to live in secondary forests, forest edges and settlements (MacKinnon et al., 1998) , where insects and nectar are available. Other studies show that bird communities are usually dominated by a few specific types, which have a high relative abundance, and most other species are much rarer (Karr, Schemske, & Brokaw, 1983; Prawiradilaga, Astuti, Marakarmah, Wijayamukti, & Kundarmasno, 2002 ). Based on the guild feeding groups, species' compositions in forests and RAF were relatively similar, dominated by the insectivores and frugivores, and followed by nectarivores, piscivores, raptor and granivores. Bird communities in the study area clearly showed a mix of the species that prefer the central parts of forests (Picidae, Capitonidae, Trogonidae, Pittidae) and forest edges (such as Pycnonotidae, Nectariniidae, Sylviidae, Laniidae, Timaliidae). In the forests, we found frugivores (Bucerotidae, Capitonidae, Columbidae, Pycnonotidae, Decidae and Chloropsidae) suggesting the presence of fruit trees. Fruit trees create a good ecosystem for many species, providing refuge, perches and food.
Rubber monoculture plantations where food is depleted, has less support on birdlife. Therefore, an ecotone such as riparian and emplacement, is important as an intermediary region between two adjacent ecosystems. An ecotone allows various types of life which are better adapted to changes in the environment (Fitri & Ford, 2003) . The diversity of bird species in an ecotone is a combination of species from the surrounding areas. Hence, bird species diversity in an ecotone is usually higher than that of the surrounding area (Odum, 1971; Baker, French, & Whelan, 2002) .
Bird composition in rubber plantations was clearly different from bird composition in RAF. Only four guild groups of birds were found in RMP: insectivores, frugivores, piscivores and raptors. The other four groups found in the forests were not encountered in RMP. Bird compositions in the three differently aged stands of rubber trees were not significantly different. Bird types were dominated by Alcedinidae, Pycnonotidae, Strigidae, Apodidae, Sylviidae, Cuculidae and Columbiae. Insectivorous groups comprised large percentage in plantation areas and were present in large numbers in all habitat types. We observed insectivore birds, such as Yellow-vented Bulbul (Pycnonotus goiavier), Common Tailorbird (Orthotomus sutorius), Ashy Tailorbird (Orthotomus ruficeps) and Yellowbrowed Warbler (Phylloscopus inornatus). Various insectivore-piscivore species were abundant in the plantations, like White-throated Kingfisher (Halcyon smyrnensis) and Collared Kingfisher (Halcyon chloris). There were also groups of nocturnal predators, which play an important role in maintaining the biological balance, such as the Buffy Fish-Owl (Ketupa ketupu).
Birds play a role in controlling insect populations, consuming up to one third of their body weight (Hernowo, Soekmadi, & Ekaelawan, 1991) daily. Of the 494 bird species found in Java, 331 (67 %) are insectivorous, with 24 percent of these being primary insectivores, and 76 % secondary insect eaters (Andrew, 1992) . Some insects such as Orthoptera (grasshoppers, crickets), Homoptera (leafhoppers, mites) and Heteroptera (ladybugs) are pests on plants, and therefore the insectivore birds play an important biological control in the ecosystem.
Frugivorous birds act as a dispersal agent for plants (Welty, 1982) . Nectarivores birds act as polinators (MacKinnon & Phillips, 1993) . Birds also help nitrogen and phosphorus cycles (Odum, 1971) . High numbers of large arboreal frugivores were encountered in the rubber plantation, such as Spotted Dove (Streptopelia chinensis) and Zebra Dove (Geopelia striata). In addition, two groups of birds were found in the ground-cover of the rubber plantation in all stand-ages, namely sallying insectivores and arboreal foliage gleaning-insectivores, such as the Tiger Shrike (Lanius tigrinus) and Hill Prinia (Prinia atrogularis). Velvet bean (Mucuna) as a cover crop provided insect food for these two species.
Different compositions of bird communities were found in the EA. Emplacement sites, which are located inside the RMP, were planted with a variety of large trees. Some trees, such as ficus, pine, palm, banana, mango, rambutan and cocoa and woody-tree species provide suitable sites for nesting, resting and foraging. The number of birds that like forest edges or open areas increased, such as mynas, barbets, sparrows, bulbuls, pigeons, cuckoos, doves, prinias, white-eyes, woodpeckers and raptors. Nonetheless, forest-edge is important as a buffer zone for bird diversity and as an area for the succession process of bird communities (Novarino & Salsabila, 2005) .
In the EA, Ficus trees were the food source for the frugivores. A total of 23 species of birds from 11 families were recorded in three Ficus trees that grew in the emplacement, 17 of which were recorded eating fruit. Barbets and bulbuls were common on Ficus caulocarpa and Ficus microcarpa, which have relatively small fruits. Large frugivores, such as Imperial Pigeon and hornbills, were not observed in these trees, although they were frequently seen flying overhead. Frugivore birds in the emplacement of RMP in Dolok Merangir were lower than that found in lowland tropical forest in Kuala Lompat, Malaysia (Lambert & Marshall, 1991) . Twenty nine bird species were reported as Ficus dispersal agents. Ficus forms an exclusive group within the subset of plants with bird-eaten fruit owing to the synchronized fruit ripening of each tree, the relatively short intervals between fruiting seasons, large crop sizes and different fruiting seasons in each population. These factors make Ficus an important keystone plant resource (Lambert & Collar, 2002) .
Birds are one of the most important seed dispersal agents in tropical forests (Jordano et al., 2007) . Plants are food sources for animals and effective seed dispersal may reduce competition between plants and their derivatives, as well as enabling the distribution of plant species to new locations. If there are no animals to disperse the seeds, the seeds will fall on the ground and will grow around the parent tree only, affecting plant regeneration.
C. Prominence of Protected Birds
Bird species encountered in the four habitats were grouped based on their status according to the International Union for Conservation of Nature and Natural Resources (IUCN). Twelve near-threatened (NT) species and 2 vulnerable (VU) species we recorded. Referring to the Convention on International Trade in Endangered Species of Wild Flora and Fauna (CITES), one species was listed in Appendix I, and 12 species were listed in Appendix II. Regarding Indonesian regulations, under Law no. 7/1999, we found that 26 species were listed as protected species (Table 2) .
Nine species of the 24 restricted range species were found. A restricted range species is one with a known breeding area of less than 50,000 km 2 (Sujatnika, Soehartono, Crosby, & Mardiastuti, 1995) and, by virtue of its small range, is suitable for identifying areas for conservation. It was reported that there were five Important Bird Areas (IBA) in North Sumatra and 24 restricted range species (Holmes & Rombang, 2001) .
Some noteworthy bird species that are protected under Indonesian law were encountered in North Sumatra, such as the Great Argus A number of raptor species were also found in the area, such as the Brahminy Kite (Haliastur indus), White-bellied Sea Eagle (Haliaeetus leucogaster), Black Eagle (Ictinaetus malayensis), Crested Hawk-Eagle (Spizaetus cirrhatus), Blyth's Hawk-Eagle (Spizaetus alboniger) and the Crested Serpent Eagle (Spilornis cheela). All these raptors are protected under Indonesian law. Moreover, the high number of raptor birds in this area implies it is a part of their home range. Raptors are known to have a wide home range compared to other bird species. Their prey includes various mammals and reptiles, including squirrels, rats and lizards. The study area in North Sumatra may provide significant amounts of food. Some bird species (predator and raptor guild types) benefit to agriculture. Predators, like eagles (family: Accipitridae) and owls (family: Strigidae) prey rodents, which are pests to crops and tree crops, such as oil palm. However, there are very few studies of the potential relationship of birds in either natural or agricultural ecosystems.
Number of protected birds based on IUCN status, CITES, and Indonesian regulations are issummarized in Table 3 . High number of protected bird species found in NF, consecutively followed by RAF, RMP and EA. Forests provide suitable habitat for protected bird species, which can not be replaced by any other habitats.
D. Implications for Conservation
Forest per se is not sufficient to protect bird diversity in a given habitat. Each species of birds occupies a particular habitat in accordance with its needs and plays a certain role in the environment (Mulyani, 1985) .The diversity of bird species is affected by a decline in the carrying capacity of the habitat. Changes in vegetation structure and species composition in disturbed forests and cleared land affect on richness of bird species, thus altering composition of bird species. Habitats fragmentation in the study area consisted of patchy forest, RAFs and RMPs which are composed of different species. Forest has the highest index diversity compared with RAF and RMP (Ningsih, Rahayu, & Tata, 2011) . Differences in tree composition in the three habitats of North Sumatra affected bird species richness, diversity and composition. Gonzalez-Oreja et al. (2012) reported there is a positive correlation between tree diversity and bird diversity.
Rapid land-use change and high deforestation are threatening the diversity and conservation status of birds (Rittenhouse et al., 2010) . Forest cover in Aek Tarum study area has lost dramatically from 45 018 ha (56.03%) in 1970 to 10 220 ha (12.80%) in 2010 (Said, Ekadinata, & Widayati, 2011) . Habitat fragmentation will cause the loss of specialist types (interior species) which includes terrestrial birds. Another consequence of the habitat fragmentation is the presence of edge effects. The area will be occupied by the edge of the bird species that are at risk of ecological disturbance or interference from outside. Degraded and fragmentation areas will impact on the dynamics and meta-population (Wiens, 1989; Lunberg & Moberg, 2003) . Our observation showed that bird species in the study area have different tolerances of fragmentation and canopy openings. Some, such as hornbills and woodpeckers, were only encountered in forest habitat, being very sensitive to habitat change. Other species have a wider range of adaptive abilities, such as Pycnonotidae (bulbul), Columbidae (pigeon and dove) and Sylvidae (prinias and wabler), which were found across different land uses.
Implications of forest fragmentation caused three important processes, namely extinction, migration and colonization. Fragmented region will lead to solving the sub-sub-populations and reduces movement (migration) types among sub-populations thereby increasing the risk of extinction. Separation between sub-populations will decrease colonization opportunities for regeneration (Wiens, 1989; André, 1994) . Birds with large territorial requirements, such as raptors, apparently are sensitive to habitat fragmentation.
Birds act as mobile conduits, transferring energy among ecosystems, and contribute to ecosystem functions and resilience with their foraging. Bird-plant interactions like pollination and seed dispersal have a high impact on ecosystems (Lunberg & Moberg, 2003) . The pollination process of some tree species is assisted by birds. Nectarivore birds (family: Nectariniidae) that only consume nectar, pollinate some trees species and were encountered in both forests and RAF, but not found in RMP. Four species of nectarivore were found in both forest and RAF, namely Anthreptes singalensis, Cinnyris jugularis, Arachnothera affinis and Anthreptes malacensis.
Birds disperse seeds through fruit consumption. Frugivore birds (family: Columbidae and Sturnidae) that only consume fruit, were encountered in the four habitats. Birds disperse seeds of many woody plant species of value to humans for timber, medicine, food and other uses. A number of frugivore birds and those who combine frugivore with other food were encountered in forests, however far fewer frugivores were found in RAF and RMPs.
Large frugivore birds, such as Bucerotidae, were not found in RAF and RMP, as they are very susceptible to anthropogenic and environmental change. Larger fruits require larger birds to carry and disperse the fruit at a distance from the mother trees. A lower density of frugivores birds may result in seedlings being concentrated under the mother trees and not widely dispersed (Wenny et al., 2011) , which in turn may decrease tree diversity in the ecosystems.
Birds also contribute to the nutrient cycling in the ecosystems. Aquatic and marine birds produce guano, which is a valuable phosphorous fertilizer (Wenny et al., 2011) . Aquatic birds belonging to the piscivore type that consume fish were found in the forest only (Ardea spp. and Egretta garzetta). The landscape of the study area consisted of hilly mountains, valleys, and lowlands along the rivershed of Aek Tarum and Sigura-gura of North Sumatra. Forest area concentrated at the hilly mountains (Asahan and Bukit Barisan landscape) for birds' habitat of mountain species up to 700 m asl level such as Silver-breasted Broadbill (Serilophus lunatus), Long-tailed Broadbill (Psarisomus dalhousiae) and Fire-tufted Barbet (Psilopogon pyrolophus). Although piscivores are considered predators, they also contribute to nutrient cycling in their habitats. All birds contribute to maintaining the equilibrium of the food chain in the ecosystems.
When forest habitat is degraded, RAFs become an alternative sanctuary where birds can nest and forage. The vegetation in RAFs provides good carrying capacity for bird diversity. To improve biodiversity in the area it is recommended to preserve intermediary regions, such as along riverbanks and main roads in the RMPs. An intermediary region could be a corridor between one region and another along the border of the RMPs. In such places, planting rubber trees mixed with fruit trees, such as Ficus, that could provide habitat for birds is recommended.
IV. CONCLUSION
Natural forests have the highest bird diversity compared with RAFs, RMPs and EAs. Changing natural ecosystems to man-made ecosystems affected bird species' composition and numbers. Habitat loss reduced bird composition, and birds with specialist roles have the highest risk of extinction. Compared with RAFs, RMPs are less suitable for all bird species. Birds provide many ecosystem services, especially regulating and supporting services, which directly and indirectly benefit humans. Efforts to conserve habitats and bird populations will maintain the diverse services provided by ecosystems, thus contributing to human well-being.
